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Abstract 
 
To estimate the number of lynx (Lynx lynx) within the reindeer husbandry area, an annual 
survey takes place between 10 January – 28/29 February every year. To distinguish between 
family groups in the survey, a distance criteria of 25 km is used. Depending on lynx 
movement pattern, i.e. the distance a lynx travels during a certain period, the distance criteria 
may over- or underestimate the lynx population size and therefore influence the outcome of 
the survey. The survey overlaps with the start of the lynx mating season, thus there is a 
possibility that the mating season has an affect on lynx home range size and movement 
pattern, with risks of affecting the annual survey. Habitat may also affect the movement 
pattern of lynx, since it may differ in aspects such as prey abundance and thereby possibly 
affect home range size. The aim of this study was to identify if mating season or type of 
habitat may impact lynx spatial pattern, and whether the distance criteria are a reliable method 
to use in the survey. The data used in this study was collected from 20 female lynx fitted with 
GPS-collars within the reindeer husbandry area in Sweden. Home range sizes during the 
survey period varied greatly between individuals (105-1521 km2, average 486 km2). There 
was no significant difference in weekly home range size or in movement pattern within the 
study period. These results indicate that female lynx do not change their spatial pattern during 
the survey period. There was no significant correlation between habitat and lynx home range 
size or movement pattern. Cumulative home ranges were compared with the distance criteria. 
After 7 weeks, the average cumulative home range was larger than the distance criteria. When 
the maximum length of the cumulative home ranges was compared with the distance criteria, 
the distance criteria were exceeded after 4 weeks. Within a survey period of 7 weeks, 69 % of 
the lynx had moved over larger distances than 25 km. These results show that the distance 
criteria need to be reevaluated. 
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Introduction  
 
In the early 1800s, the Eurasian lynx (Lynx lynx) was widespread over Sweden except in the 
northern parts of the country. Due to hunting, numbers rapidly declined, and by the time the 
state bounties were removed in 1912, there were only a couple of hundred individuals left. 
Lynx were protected in 1927 and in 1943 hunting was allowed once again. In the 1980s the 
lynx population was estimated to about 200-700 individuals (Jonsson 1983, Liberg 1998). The 
low abundance was probably caused by hunting as well as the outbreak of sarcoptic mange 
(Sarcoptes scabiei var. canis) in red foxes (Vulpes vulpes), which also came to infect the lynx 
population. Therefore, lynx were protected again in the southern parts of Sweden in 1986 and 
in 1991 in the entire country (Liberg 1998). Historically, lynx were hunted for their fur, but 
today hunting has increased mainly due to competition with human interest of land use, such 
as sheep- and reindeer (Rangifer tarandus) herding, as well as competition with prey, such as 
roe deer (Capreolus capreolus) hunting by humans (Jonsson 1983, Breitenmoser 1998, 
Linnell et al. 2001, Pedersen et al. 1999). During the last two decades lynx have increased in 
numbers and expanded into new areas (Jonsson 1983, Liberg 1998, SOU 2007:89, Andrén et 
al. 2010). 
 
In the middle of the 1900s, the lynx population started to expand to the northern parts of 
Sweden. While prey abundance was low in the rest of the country, the north held a large semi-
domestic reindeer population, which served well as prey for lynx (Jonsson 1983). The 
reindeer husbandry area covers approximately 50 % of Sweden and is located in the central 
and northern parts of the country. Today, this area holds a large population of lynx, which has 
the reindeer as their main prey (Pedersen et al. 1999, Mattisson et al. 2011). The indigenous 
Sami people are practicing an old tradition of reindeer herding. The reindeers are free-ranging 
over large areas and are therefore vulnerable to predation. Every year, reindeer owners 
experience losses due to the presence of lynx, which causes great economic costs for the 
reindeer industry and raises a controversial conflict between reindeer herding and carnivore 
conservation (Prop. 2000/01:57, SOU 2007:89, Pedersen et al. 1999, Linnell et al. 2001, 
Hobbs et al. 2012). In 2010 the cost of compensation of reindeer losses due to lynx 
depredation was approximately US$ 3.4 million (Swedish Environmental Protection Agency). 
 
The lynx population in Sweden peaked in year 2000 with about 2000 individuals or 340 
family groups i.e. adult females with dependent kittens. The population has since then 
decreased to 191 family groups in 2013 (Liberg and Andrén 2006, Andrén et al. 2010, Report 
Wildlife Damage Centre 2012/13). In year 2012, the Swedish government decided that the 
sustainable and viable number of lynx in Sweden would be to have a lynx population of at 
least 130-180 family groups, equivalent to 700-1 000 individuals (Prop 2012/13:191). 
 
To decrease lynx impact on the semi-domestic reindeer industry, the number of lynx within 
the reindeer husbandry area was reduced from 173 family groups in 1999 to 81 family groups 
in 2012-2013, by government controlled harvesting (Report Wildlife Damage Centre 2012/13, 
Liberg and Andrén 2006, Andrén et al. 2010). The numbers of lynx and their distribution 
within the reindeer husbandry area is controlled by hunting (Liberg and Andrén 2006, Prop. 
2000/01:57) and the number of lynx to be harvested is set by the government with an annual 
quota (Linnell et al. 2001). To reduce the conflict between carnivore conservation and 
reindeer husbandry, the reindeer herding districts are compensated for their losses by the 
government (Prop. 2000/01:57, SOU 2007:89). For each lynx family group within a reindeer 
herding district, the compensation in 2007 was 200 000 SEK (SOU 2007:89).  
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Every year, a lynx survey of family groups takes place in Sweden. The survey takes place 
during the winter months and is based on snow tracking (NFS 2007:10). The aim of the 
survey is to estimate the number of family groups and lynx presence in time and space (NFS 
2007:10). On the basis of the number of family groups, an estimation of the total population 
can be calculated. A family group is equivalent to about six individuals (Andrén et al. 2002). 
The number of family groups is especially important to establish within the reindeer 
husbandry area, as the reindeer owners are compensated for reindeer losses based on the 
number of reproductions of lynx i.e. the results of the survey serve as a basis in decisions 
about economic compensation. The survey also serves as a basis for decisions about hunting 
quotas. Thus, it is important that the survey counts are not over- or underestimated, but give a 
reliable estimate of the lynx population size and trends (NFS 2007:10, Andrén et al. 2002).  
 
To estimate the number of family groups in an area, different techniques are used. Some 
methods used are backtracking, observations and DNA analysis (from feces). In backtracking, 
the tracks are followed for at least 3 kilometers, to establish how many lynx have been 
walking there, and if the tracks belong to one or several family groups. If there are problems 
in distinguishing the number of family groups within a certain area, a distance criteria are 
used to separate different family groups from each other. If tracks and observations are within 
a distance of 25 kilometers within the survey period, they are assumed to belong to the same 
family group until proven otherwise (NFS 2007:10).  
 
The length of the main survey period changed in 2005. The earlier survey period was 5 
weeks, and ranged between 10 January and 14 February (NFS 2002:15). In 2005, the survey 
period increased by two weeks, and now ranges from 10 January until 28/29 February (NFS 
2004:17). It was prolonged due to time limitations in northern Sweden, where limited daylight 
during the weeks of survey did not allow for enough time to complete the survey (Ersson, L., 
county board, Norrbotten, personal communication). A problem that arises due to the 
prolonged survey is that lynx mating season usually starts towards the end of February or in 
March. This may cause confusion; two tracks following each other can be a single female 
lynx and a male lynx walking together, but will during the survey be counted as a family 
group (The Swedish lynx project, unpublished data). Due to the beginning of the mating 
season, lynx females are believed to move greater distances compared to earlier in the survey 
period. This can cause problems when using the distance criteria, which may then be 
undersized and as a result lynx population may be overestimated.  
 
In 2003, a cooperation between the Swedish Environmental Protection Agency, the county 
board administrations within the reindeer husbandry area (Norrbotten, Västerbotten and 
Jämtland) and The Swedish lynx project (Grimsö Wildlife Research Station) begun. Several 
female lynx with kittens were fitted with GPS collars to evaluate the survey methods. Female 
lynx were surveyed as usual, and the results were later compared with GPS data to see 
whether the results were the same, which it was in most cases. Lynx movement pattern and 
home range sizes have also been studied from this data (Andrén 2005, Mattisson and Andrén 
2008). Further information about lynx home ranges as well as their movement pattern during 
the survey period has been requested by the county boards within the reindeer husbandry area. 
Since the survey period was increased with two weeks, it has been questioned whether female 
lynx move over larger areas during the end of the survey period, due to the beginning of the 
mating season. If that would be the case, the survey may be affected and also the results based 
on it. Another subject that has been discussed is whether habitat composition affects lynx 
movement pattern and home range sizes. Until recently, most research about lynx spatial 
pattern within the reindeer husbandry area has been focused on lynx living in areas above the 
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tree line (Pedersen et al. 1999, Linnell et al. 2001, Andrén et al. 2002, Linnell et al. 2007a). 
More information about lynx living in forestry areas is required to cover possible variation of 
lynx within the entire reindeer husbandry area.  
 
The aim of this study was to analyse home range size and movement patterns of female lynx 
with kittens during the survey period, 10 January – 28/29 February, as well as the first two 
weeks of March, to increase the knowledge of their spatial pattern during this period. The 
study also aims to identify whether female lynx move over larger areas towards the end of the 
survey period, and if habitat may affect their movement pattern or home range sizes. This 
knowledge will help improving the survey as well as evaluating its duration. 
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Study area 
 
The study was conducted within the reindeer husbandry area in central and northern Sweden 
(Fig. 1). The total study area was 217 500 km2 and included the three counties Jämtland, 
Västerbotten and Norrbotten: 62-68°N, 12-24°E.  
 
The study area is situated in the northern boreal region and the forest consists mainly of 
conifers, such as Scots pine (Pinus sylvestris) and Norway spruce (Picea abies). Birch (Betula 
spp.) is also abundant in the area and mountain birch (Betula pubescens ssp. Czerepanovii) is 
usually present at the higher altitudes (Esseen et al. 1997). The tree line is approximately at 
800 m a. sl. (National Atlas of Sweden 1996). In this area lynx mainly prey on semi-domestic 
reindeer. Alternative prey species for lynx are mountain hare (Lepus timidus), various rodents 
(Rodentsia ssp.), ptarmigan (Lagopus ssp.), hazel grouse (Bonasa bonasia), black grouse 
(Tetrao tetrix) and capercaillie (Tetrao urogallus) (Pedersen et al. 1999, Mattisson et al. 
2011).  
 
The western part of the study area is in a mountainous region with a tundra climate, while the 
eastern part consists mainly of boreal forests. The study area has a climate with long winters 
with the presence of deep snow cover, and short summers (National Atlas of Sweden 1990). 
On average, the ground is snow covered for half of the year from October to May. However, 
in the forests snow melting usually occurs a few weeks earlier compared to the mountain 
areas. The study area includes both protected areas like national parks and nature reserves, as 
well as managed forests and cultivated and exploited land. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Map of northern Sweden 
illustrating the three counties: Jämtland, 
Västerbotten and Norrbotten. Green polygons 
demonstrate home ranges of the female lynx 
included in this study. The reindeer 
husbandry area is located north of the red 
line. 
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Methods 
 
Capturing of female lynx and data transfer 
 
Female lynx were captured and immobilized during the winter months, by darting from 
helicopter or ground. A standardized dose of a chemical immobilization drug was used to 
immobilize the animals and while the animals were under anaesthesia, their body temperature 
was monitored by measuring their rectal temperature (Arnemo et al. 2007). Each lynx was 
fitted with a GPS radio collar (Televilt Posrec© 300). The GPS collar was programmed to 
obtain a location at intervals of three hours (03:00, 06:00, 09:00, 12:00, 15:00, 18:00, 21:00 
and 24:00). All lynx had a microchip set in at the base of the right ear and five of the lynx in 
Norrbotten County also had an implant transmitter (Telonics Imp- 400 L). All lynx were 
weighed and measured and samples of blood, hair, feces and tissue were collected. After 
collar fitting and collecting of samples, the animals were injected with a reversal of the 
immobilization drug and released. Approval for captures was required from the animal ethical 
committee and the Swedish environmental protection agency.  
 
Data from GPS collared female lynx with kittens was collected between 2003 and 2007 
within the study area. In Jämtland, seven female lynx were captured and fitted with GPS 
collars during 2004-2005, in Västerbotten, three lynx were collared during 2006, and in 
Norrbotten ten lynx were collared during 2003-2007. Three of the twenty lynx were 
recaptured and recollared the following year.  
 
Once the batteries were out of power, the GPS collar automatically released from the animals 
with a release mechanism. However, in some cases this mechanism did not function properly 
and the collars had to be collected by immobilizing the animal again, and manually take the 
collar off. Data was then collected and downloaded into a computer. 
 
Home range size 
 
Home range sizes of lynx were calculated using 100 % Minimum Convex Polygon (MCP) in 
the Animal Movement Extension in ArcGIS 9.1 (ESRI, Inc., Redlands, California). For each 
animal a total home range area was calculated for the period 10 January – 28 February, i.e. the 
survey period. In cases when a lynx was captured and collared after 10 January, the home 
range area was calculated from the first location obtained to 28 February. 
 
Weekly home ranges for each animal were also calculated starting from 11 January and 
ending 14 March (13 March in 2004, due to leap year). In total, 9 weeks were analysed. To 
have exact 7 days per week, 10 January was excluded from the analysis. In those cases where 
lynx were captured and collared later than 11 January, the first total week, i.e. when locations 
were obtained for all 7 days during that week, started to count for the weekly home range 
sizes. To have comparable data in the statistical analysis, no incomplete weeks were used. 
 
Cumulative home ranges were calculated between 11 January and 13/14 March. This started 
with week 1 (period 1), then week 1 – 2 (period 2), week 1 – 3 (period 3), continuing until 
week 1 – 9 (period 9). As mentioned above, if a lynx was captured and collared later than 11 
January, the first total week started to count. From the cumulative home range sizes, the 
increase for every period was calculated for each individual.  
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The difference between weekly and cumulative home ranges is that weekly home ranges 
differ between weeks and get larger or smaller (Fig. 2a), while cumulative home ranges add 
new GPS locations to the existing ones for each period and can therefore never decrease (Fig. 
2b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
 
Figure 2. Illustrations of the methods used to estimate the total home range size (total HR) and weekly home 
ranges (a) and cumualtive home ranges (b), starting at period 3 until period 7 (week 3 until week 7), for a female 
lynx. 
 
 
The longest distance across the home range polygon was measured using the measure tool in 
ArcGIS 9.1 for every weekly cumulative home range. This distance across the home range 
was compared with the distance criteria used for separating different family groups during the 
annual survey period.  
 
Movement pattern 
 
ArcGIS 9.1 was used to calculate the distances between locations. The GPS collars were 
programmed to obtain a location every third hour for each animal. In those cases when 
locations were not obtained every third hour, the estimated distances between those locations 
were excluded from the analysis. Thus, only three hour intervals were used in the analyses of 
movement patterns, if not removed, the movement pattern would be influenced if some 
distances were based on two locations with e.g a six hour difference. The distances between 
locations analysis were divided into 9 weeks, ranging from 11 January – 13/14 March, same 
as for the analysis of weekly home range sizes.  
 
Habitat composition 
 
The habitat composition (forest, open land, lakes and rivers, wetlands and area above the tree 
line) within the total home ranges was estimated using a habitat map (Lantmäteriverket 2001. 
GSD – Översiktskartan) and ArcGIS 9.1. The habitat composition was used to analyse 
possible relationships between habitat composition and home range size, as well as movement 
patterns within the home range area.  
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Data analysis 
 
SPSS 14.0 (SPSS, Inc., Chicago, Illinois) was used to perform most of the statistical analysis. 
Home range data, movement patterns and habitat composition were analysed using General 
Linear Model (GLM). Week number and time of day were fixed factors, whereas the 
individual lynx year, i.e the GPS period, was a random factor.  
 
The total home range size in relation to the habitat composition (percentage of forest and area 
above the tree line) within the home ranges was compared using regression analysis in 
StatView 5.0.1 (SAS Institute, Eurodex Sales AB, Stockholm, Sweden). 
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Results 
 
Home range size 
 
There was a large variation in home range size between individuals, the sizes varied between 
105 – 1 521 km2. The average home range size was 486 km2 (± 148; 95 % confidence limit; n 
= 23) (Appendix 1). There was no significant difference in home range size between weeks 
(two-way ANOVA, effect of weeks, df1 = 8, df2 = 140, F = 0.792, p = 0.61) (Fig. 3). 
However, there was a significant difference among individual lynx (two-way ANOVA, effect 
of individual lynx, df1 = 22, df2 = 140, F = 2.149, p = 0.004). The average weekly home range 
size was 80 km2 and varied between 44 – 101 km2.  
 
Figure 3. Average weekly home ranges for female lynx in northern Sweden (11 January – 13/14 March). Bars 
indicate 95 % confidence limit. 
 
 
The average cumulative home ranges increased from 44 km2 for period 1 (January 11 - 17) to 
550 km2 for period 9 (January 11 - March 13/14) (Fig. 4). The horisontal line in figure 4 
indicates a circular object (491 km2) with a diameter of 25 km, i.e. the distance criteria to 
distinguish between two family groups. After period 7, the average cumulative home range 
area is larger than this circular object.  
  
The increase in cumulated home range analysis was not significantly different among weeks 
(two-way ANOVA, effect of weeks, df1 = 7, df2 = 118, F = 1.766, p = 0.1). Thus, the 
cumulative home ranges continued to increase during the entire survey period and did not 
level off to reach an asymptote. However, there was a significant difference among individual 
lynx (two-way ANOVA, effect of individual lynx, df1 = 22, df2 = 118, F = 1.904, p = 0.015).  
 
The average maximum length across the cumulated home range areas for each period 
increased from 12 km for period 1 to 38 km for period 9 (Fig. 5). From period 5 the average 
maximum length across the cumulated home range areas was larger than the distance criteria 
of 25 km. The percentage of females which had a maximum length across the cumulated 
home range areas larger than 25 km, was for period 1: 0 %, period 2: 25 %, period 3: 31 %, 
period 4: 33 %, period 5: 52 %, period 6: 61 %, period 7: 69 %, period 8: 74 % and period 9: 
83 %.  
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Figure 4. Average cumulated home ranges for female lynx in northern Sweden (11 January – 13/14 March). 
Horisontal line indicates the distance criteria as a circular object (491 km2) with a diameter of 25 km. Bars 
indicate 95 % confidence limit.   
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Figure 5. Average maximum length of the cumulated home ranges. Straight line indicates distance criteria (25 
km). Bars indicate 95 % confidence limit.  
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Movement pattern 
 
The distance between two locations with 3 hours in between varied significantly depending on 
weeks (two-way ANOVA, effect of weeks, df1 = 8, df2 = 7431, F = 3.4, p = 0.001), time of 
day (two-way ANOVA, effect of time of day, df1 = 7, df2 = 7431, F = 63.4, p < 0.0001), and 
lynx individuals (two-way ANOVA, effect of individual lynx, df1 = 22, df2 = 7431, F = 3.9, p 
< 0.0001). It also varied significantly for home range sizes, meaning lynx with large home 
range sizes moved larger distances compared to lynx with small home range sizes (two-way 
ANOVA, effect of weeks and home range sizes, df1 = 1, df2 = 7431, F = 309, p < 0.0001). 
However, there was no significant change in the movement pattern depending on the time of 
day, as the weeks progressed (two-way ANOVA, interaction week * time of day, df1 = 56, df2 
= 7431, F = 1.1, p = 0.2). Among the significant effects time of day explained the most (7 %), 
but 88 % of the variation in movement patterns could not be explained. The female lynx were 
most active during nights between 15.00 and 09.00, with highest activity between 18.00 and 
24.00 (Fig. 6). The daily movement pattern did not change significantly from early January to 
mid-March.  
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Figure 6. Movement pattern (distance travelled between two consecutive locations with 3 hours in between) of 
female lynx in northern Sweden during 3 periods of 3 weeks each. Bars indicate 95 % confidence limit. 
 
 
Habitat composition 
 
There was no significant correlation between total home range size and proportion of habitat 
above tree line within the home range (Linear regression, R2=0.12, n = 23, p = 0.11). 
However, the home range sizes that had less than 10 % of habitat composition above tree line, 
tended to have smaller home ranges (105 – 800 km2) than home ranges with more than 10 % 
above tree line (300 – 1 520 km2). Similarly, there was no significant correlation between 
total home range size and proportion of forest within the home range (Linear regression, 
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R2=0.11, n = 23, p = 0.11) (Fig. 7). Most of the home ranges smaller than 400 km2 had more 
than 70 % forest within. However, home ranges larger than 400 km2 had a large span of about 
10 – 80 % forest within.  
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Figure 7. Total home range size of female lynx in northern Sweden in relation to percentage of forest habitat 
within the home range. 
 
 
There was no significant correlation between distance moved in 3 hours and proportion of 
habitat above tree line within the home range (two-way ANCOVA, effect of habitat above 
tree line, df1 = 1, df2 = 7508, F = 2.090, p = 0.148) and no significant correlation between 
distance moved in 3 hours and proportion of forest within the home range (two-way 
ANCOVA, effect of forest, df1 = 1, df2 = 7508, F = 2.027, p = 0.155).  
 
The tests of habitat above tree line and forest are negatively correlated, and are therefore not 
independent of each other. 
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Discussion 
 
The estimated home range sizes varied greatly between individuals, the main reason for this 
may be prey abundance (Herfindal et al. 2005). Prey availability is an important factor 
influencing home range sizes and movement pattern: low prey abundance within the home 
range induces the lynx to move more frequently and over larger areas to find prey (Schmidt 
2008). In a previous study, Mattisson and Andrén (2008), a female lynx was collared three 
years in a row and the results showed that her home range size varied greatly between years, 
even though she had not changed core area of use. Prey availability may differ between years, 
as well as between areas. This behaviour has also been noticed in Canadian lynx (Lynx 
canadensis), which often inhabit smaller home ranges during population peaks in the 
snowshoe hare (Lepus americanus) cycle (Slough and Mowat 1996). Another factor that may 
influence home range size estimations is the varying amount of data for different lynx 
individuals. Some lynx were fitted with GPS collars about 1-4 weeks later than others, and a 
larger amount of data influence estimated home range size and spatial movements increase 
(Burdett et al. 2007, Andrén et al. 2005, Merrill and Mech 2003). The choice of method can 
also affect the outcome of estimated home range sizes (Burdett et al. 2007). In this study 100 
% Minimum Convex Polygon (MCP) was used, which is sensitive to temporary outliers. A 
few GPS locations can make the home range several square kilometers larger, as noticed in 
figure 2a, compared to for example the kernel estimators, which identifies the core area of the 
home range. While the kernel test may provide a more accurate home range considering the 
area of use of the animal, the MCP method was the most suited one for this study, since the 
maximum limits of the home range were of interest for comparison with the distance criteria. 
However, this method can affect the comparison of home range sizes between individuals, 
since some animals may be more prone of making temporary outliers. 
 
There was no significant difference between home range sizes of lynx living in boreal forests 
compared to lynx living above the tree line. There is a greater difference in home range size 
and movement pattern among individuals than among lynx living in different habitats, 
although there was a tendency that home ranges with a large percentage of forest were 
smaller. In the study of Mattisson and Andrén (2008), where data from the same GPS collared 
female lynx as in this study was used, but over a longer period (December – July), the median 
of home range sizes differed between habitats, lynx living in boreal forests tended to have 
smaller home ranges compared to lynx living in areas above the tree line. During autumn and 
early winter in the reindeer husbandry area, reindeer migrate to their winter ranges in the 
forested areas, which may result in a decrease of prey abundance, especially in areas above 
the tree line (Danell et al. 2006, Pedersen et al. 1999). Surviving on stray reindeer may force 
the lynx to increase their hunting frequency and home ranges in order to find sufficient 
amount of food. 
 
Weekly home range size of family groups in the reindeer husbandry area was relatively stable 
during the duration of the survey period and there was no trend in the analysis that home 
ranges were increasing or decreasing. The cumulated home ranges continued to increase over 
time and there was no indication for home range size to level off at some asymptote. 
However, the increase in home range size will slow down eventually, although during the 
nine weeks of this study, it did not reach that point. The daily movement pattern during the 
three different periods showed little variation, both daily and weekly. Female lynx were most 
active during nights, with the highest peak during 18.00-24.00, and least active during 09.00-
15.00. Because of difference in daylight during the study period, one would expect a change 
in the diurnal rhythm, or an increased activity in the third period due to the mating season, but 
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this was not observed during these periods. These results shows that female lynx does not 
increase their home ranges or movement pattern in the beginning of the mating season, which 
is supported by a previous study of Canadian lynx, where the spatial movement of breeding 
females was resembling to the rest of the season (Burdett et al. 2007). While female lynx does 
not increase their spatial movements during mating season, male lynx usually does (Burdett et 
al. 2007), probably because females are more constrained to breeding and rearing kittens 
(Schmidt et al. 1999). The results indicate that the survey is not likely to be affected by the 
mating season. However, the increased number of weeks during the survey period may affect 
it. As time progress, home range sizes increase. Exactly when the survey takes place during 
the winter months seems to be less essential than the duration of it, particularly when 
considering the use of the distance criteria. However, there is an increasing risk of counting 
males and females walking together as a family group when survey overlaps with the mating 
season.  
 
When comparing the average cumulative home range analysis with the distance criteria, the 
distance criteria are acceptable up to seven weeks, i.e. the survey period. This is for the 
average lynx, which means there are lynx that have larger cumulative home ranges and in 
some cases the distance criteria will not be an accurate method to use when distinguishing 
between family groups. Also when considering the average maximum length of the cumulated 
periods, the distance criteria are inadequate already after the fourth period. Within the survey 
period of seven weeks, 69 % of the female lynx had moved over longer distances than the 
distance criteria. The distance criteria of 25 km were developed from data of estimated home 
range sizes of female lynx in northern Sweden when the VHF technique was used (Andrén 
2005, Liberg and Andrén 2006). This technique gave fewer positions per animal; hence the 
estimated home ranges became smaller compared to more recent estimated home ranges 
where GPS technique has been used (Andrén 2005). The GPS technique used today gives 
much more information about the animal, compared to the VHF technique (Andrén 2005, 
Burdett et al. 2007, Merrill and Mech 2003). Because of the prolonged survey period and 
improved technique, the distance criteria need to be reevaluated to improve the estimation of 
number of family groups. This was recently done in a new study, where a distance criteria of 
32 km were suggested for observations made during day 11-150 (Gervasi et al. 2013). For day 
1-10, there would be a different distance criteria for each day, since the distances during these 
days are increasing before it reaches an asymptotic value after the tenth day. These distances 
are ranging from 13 km for the first day up to 30 km on the tenth day (Gervasi et al. 2013). In 
this study there was no significant difference between lynx living in different habitats, which 
mean the same distance criteria can be used within the entire reindeer husbandry area. 
However, there is a great variation between individuals and since the distance criteria are 
based on maximum distances it makes it prone to underestimation. Especially in high 
densities of lynx, the numbers of family groups are likely to be underestimated when using 
the distance criteria. When there are no neighbouring family groups, there is a success rate of 
95 % when using the distance criteria, comparing to 70 % when there are two neighbouring 
family groups (Gervasi et al. 2013). However, the increase of the survey period has resulted in 
larger home range sizes, which increases the risk of overestimation of family groups in an 
area.  
 
As concluded above and accordingly to the results of this study, the distance criteria need to 
be changed into a higher value, since improved technique and a prolonged survey period has 
resulted in increased home range sizes. In the study of Gervasi et al. (2013) they recommend 
an increase in distance criteria from 25 km to 32 km and a different distance criteria for each 
of the first 10 days. This change would be an improvement compared to the distance criteria 
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of 25 km. However, as noted in this study, there is a great variation in home range sizes 
between lynx individuals and the fact that lynx movement pattern is irregular (Pedersen et al. 
1999) causes problems when using a distance criteria. Since management of lynx, annual 
hunting quotas and economic compensation for reindeer losses are based on the number of 
family groups within an area, it is of great importance that the survey methods are correct and 
reliable. Therefore, the distance criteria should only be used under absolute exception as it is 
one of the main sources of error in the survey (Liberg and Andrén 2006). To distinguish 
between family groups, backtracking should always be a first option. Also, parameters like 
livestock depredation, age and sex structure of harvested lynx, structured snow-tracks surveys 
(transects used as an indicator of population trends), one-day censuses, camera traps and 
DNA-sampling could be used as complements to the survey (Gervasi et al. 2013, Linnell et al. 
2007b).  
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